Population dynamics of fruit flies, Bactrocera dorsalis, B. zonata and B. diversa were studied through pheromone trapping using methyl eugenol in vegetable gardens and orchards of North Western Himalayan hills. The abiotic factors such as temperature, rainfall, relative humidity and host plants with respect to the population dynamics were analyzed to understand the interactions. A unimodal pattern was noticed in all the species studied with peak incidence from May to October. These were not noticed during January in both the ecosystems. Bactrocera zonata was the predominant species starting from March to August, and afterwards B. dorsalis was observed to outnumber up to December. The fruit fly incidence was positively correlated with maximum and minimum temperature, and when the temperatures fall within the optimum range, the population was at its peak. Host plants exhibited a strong influence on the incidence and abundance but supported them only when favourable environmental conditions exists. Abundance of B. zonata was correlated with brinjal, and tomato supported B. dorsalis as that of its preferred host, mango.
Fruit fly is one of the most destructive insect pests of fruits and vegetables grown in tropical and subtropical conditions. It is highly polyphagous infesting more than 250 plants belonging to 40 families including many commercial fruits (Smith, 1989; Vargas et al. 1984; Vargas and Carey, 1990) . Fruit flies are diverse in nature and large numbers of species are reported in one family Tephritidae (Agarwal and Sueyoshi, 2005) . Majority of these have no economic significance, but some in the genus Bactrocera are important (Mathura and Verghese, 2004) . The eggs are laid under the skin of ripened or ripening fruits and the larvae feed on the food pulp, which causes severe damage to the fruits by rotting or dropping to the ground prematurely. Batra (1953) and Mann (1996) observed fruit fly activity throughout the year with peak period during July to October and it was correlated with temperature, humidity and rainfall in mango orchards in Indian plains. However, information from Indian Himalayan hills is scanty. It is necessary to have information on the incidence in relation to weather parameters which help in determination of appropriate time of action and suitable method of control.
Keeping this in view, a study was conducted to monitor the population of Bactrocera spp. using methyl eugenol which is reported as a male sex parapheromone (White and Elson-Harris 1992) . The aim is to explore the population dynamics pattern/ seasonal fluctuation to get an understanding of causes and mechanisms of the population fluctuation. Incidentaly this may also provide scientific basis for establishing practical management strategy of fruit flies.
MATERIALS AND METHODS
Field surveys of Bactrocera spp. adults were carried out in six locations in three orchards and three vegetable gardens of Uttarkashi district of Uttarakhand during October 2007 to September 2009. A plastic trap (Rakshak trap ® , Ameya agencies Kalin, Mumbai) with a transparent plastic pit jar of one litre capacity (12 cm height and 38 cm dia.) capped with yellow plastic (about 47 cm dia.) screwed for protection against rains was used. The lure consisting of alcohol, methyl eugenol and malathion [6 part alcohol, 4 part methyl eugenol (4-allyl-1,2 -dimethoxy benzene-carboxylate) and 1 part malathion] was placed in a cotton provided in the trap. Each trap has four raised holes at the upper side of pit jar to allow the entry of flies. Male flies were attracted by the lures and these get killed immediately by the insecticide when they touch the #Present address: Krishi Vigyan Kendra, Indian Institute of Sugarcane Research, Lucknow.
lure. The lures were recharged fortnightly and replaced at quarterly intervals in a year. Altogether, 6 traps were installed in vegetable gardens and orchards at 1.5 m above the ground surface in shady conditions and were located within the canopy of trees.
The trapped flies were removed and counted at fortnightly intervals and identified as per Mathura and Verghese (2004) . Meteorological data were obtained from Government Inter College, Chinyalisaur, located less than 30 km from all the study sites. The trap capture data is given in terms of means without any statistical analysis. Correlation coefficients were calculated with SPSS version 11. An alpha level of P=0.05 was used.
RESULTS AND DISCUSSION
The fortnight captures of males of Bactrocera dorsalis, B. zonata and B. diversa per trap in vegetable ecosystems is shown in Fig. 1 . The pattern of occurrence was identical in both the years while the populations fluctuated. As a general trend, B. zonata outnumbered the other two while B. diversa was at minimum. B. zonata captures were observed more than B. dorsalis in the other regions of North Western Indian Himalaya too (Gupta et al., 1990) where the climatic conditions are similar. Of these, B. zonata was even more than 400 per trap and B. dorsalis nearly 250 per trap at peak periods which reveals the severity of the incidence.
The monthly mean captures of B. dorsalis, B. zonata and B. diversa were 56.7, 84.8 and 5.5 per trap, respectively. The graph showed a unimodal pattern of increase of B. dorsalis from June to November with the peak incidence during the first fortnight of September (245.3 and 213.0/ trap) in 2008 and 2009, respectively. In plains adjacent to the study area, peak incidence was reported from first fortnight of August to first fortnight of September (Vishla et al., 2010) . The overall population was very less during December to March and no fruit fly was noticed in the first week of January. Incidence of B. dorsalis was found to be higher than the overall mean (i.e, peak incidence) during June to October (2008) and August to October (Fig.  1 ). High incidence of B. zonata was found during May to August with its peak during the second fortnight of July. Bactrocera zonata was found to be the predominant starting from March up to August; afterwards B. dorsalis outnumbered the other species up to December. Bactrocera diversa was not noticed during December to February but peaked during May to August.
Like vegetable gardens, in orchards too, B. zonata outnumbered the other two species again not during September to November (Fig. 2) . A study in Pakistan showed that B. zonata dominated over B. dorsalis throughout the season in mango orchards (Suhail et al., 2000) . No fruit flies were noticed during January and up to first fortnight of February. Males of B. dorsalis were observed from July to November with peak catches at first fortnight of September. Incidence of B. zonata was at its peak during second fortnight of July but not noticed from second fortnight of December to first fortnight of February. The trap capture of B. diversa was more than its overall mean Temperature, humidity, rainfall are the main climatic factors causing fluctuations in populations. These factors also interacted with each other and exerted a complex influence on the incidence and abundance of fruit flies (Ye and Liu 2007) .
All the species studied herein were positively correlated with maximum and minimum temperatures. Of these B. zonata and B. diversa were significantly correlated. In the foot hills of Himalaya, incidence of B. cucurbitae was reported to be significantly positively correlated with maximum and minimum temperatures (Laskar and Chatterjee, 2010) . Shukla and Prasad (1985) reported a significant positive correlation between temperature and B. dorsalis flies caught per trap. When the temperature comes down during December to February, fruit flies disappear and when it reaches high during June, July and August the incidence was at its peak (Fig. 3) . When the maximum temperature is high (June -August), B. zonata is found maximum and when it dropped during September, suddenly its population reduced; while B. dorsalis reached its minimum and thus found not significantly correlated with maximum temperature.
The suitable temperature for development and reproduction of B. dorsalis ranges from 15 to 34°C while the optimum is 18 to 30°C. When it falls below 18°C, the eggs, larvae and pupae will prolong their development and the emergence ratio will decrease greatly (Wu et al., 2000; Jiang et al., 2001) . It is evident from the Fig. 3 , that when the mean temperature goes below 18°C particularly during November (16.5°C) fruit flies declined drastically. Likewise, when the mean temperature raised above 18°C during March (19.3°C) fruit flies start appearing. In the present study, when the minimum temperature drops from 18.9 °C (September) to 14.0 °C (October), B. dorsalis populations declined. But temperature alone cannot explain the occurrence of fruit flies in the region. In Xishuangbanna, China, B. dorsalis was not reported to occur throughout the year even though the minimum, maximum and mean temperatures are in the suitable temperature range. Temperature was found highly correlated with the fly occurrence with maximum peak during June-July and interestingly the flies declined markedly during October though the temperatures were optimal (Ye and Liu, 2007) .
The incidence of B. diversa was highly correlated with rainfall with a correlation coefficient of 0.734 (significant at P=0.01). Bactrocera zonata is also found to have a significant positive correlation with rainfall. With B. dorsalis, a positive and significant correlation was reported between rainfall and B. zonata and B. (2007) (2008) (2009) dorsalis in the first season but negative and non significant in the second season in orchards of mid hills of Himachal Pradesh (Gupta et al., 1990) . In the present study, July and August (2008), recorded the highest rainfall (Fig. 4) , and at that time B. zonata was in peak (227.5/ trap). The same was also found to be at its peak during July and August (2009), but there were no such heavy showers. Hence, very high rainfall cannot be correlated with the occurrence of B. zonata. Bactrocera diversa peaked during May to August (2008) where it was more than the overall mean during June to September (2009). This might be attributed to the less and delayed rainfall during 2009 as it can be seen from Table 1 that the occurrence of B. diversa is highly correlated with rainfall.
Relative humidity is found to have a significant correlation only with the incidence of B. dorsalis (=0.456- Table 1 ). Varied response for B. zonata and B. dorsalis incidence and relative humidity had been reported by Gupta et al. (1990) in mid hills of Himachal Pradesh. Fruit fly catches in mango and guava orchards were negatively correlated with relative humidity in peninsular India (Sarada et al., 2001) . Generally all the fruit fly species were positively correlated with minimum temperature. When the minimum temperature increases from March up to October, all the species have increased to their maximum number. The minimum, maximum and mean temperatures fell into the suitable temperature range (15 to 34 °C) from May to September, when the populations increased and reached peak.
Incidence of B. zonata and B. diversa are positively and significantly correlated with rainfall, whereas it was not so with B. dorsalis. Unlike vegetable ecosystem, B. diversa has a significant correlation with relative humidity in orchard ecosystem (Table 1) .
Host plants had been reported as the most important component of the environment affecting fruit fly populations (Tan and Serit, 1994; Chen and Ye, 2007; Ye and Liu, 2007; Vayssieres et al., 2009) . Incidence of B. dorsalis is found more during June to November with its peak in September. All the three host plants (tomato, brinjal and cucurbits) were available during this period and peak incidence (September), is the end season of tomato and cucurbits (having ripening and ripened fruits) which is highly favourable for fruit fly development. The incidence of B. dorsalis is less influenced by brinjal but more by tomato (Table 2) . It is further confirmed in the field that the infestation of B. zonata is more on brinjal fruits than that of B. dorsalis. Bactrocera zonata which is dominant of all the species studied was found to be more during May to August. During this period, all the three crop plants were available in the field. When brinjal crop ceases, B. zonata was found to reduce drastically. Bactrocera diversa can be correlated with the availability of all the host plants (tomato, brinjal and cucurbits) in the vegetable ecosystem and especially with that of brinjal. Even though tomato and cucurbits were available, B. diversa population had declined during September.
Incidence of B. dorsalis was found high during July to November, when papaya, peach, guava and mango were available. All these fruits were reported as preferred hosts with mango being the most preferred (Vargas and Carey, 1990; Ye and Liu, 2005; Verghese et al., 2011) . The peak incidence of B. dorsalis was in September and by that time these above fruits are not available. Eventhough no host fruits were available in the field, occurrence of B. dorsalis was noticed during September II fortnight to November. This might be the remnant populations surviving on wild hosts (Shukla and Prasad, 1985) . Though pomegranate is reported as a host for B. dorsalis (Chen and Ye, 2007) , and was available during November and December in orchards, fruit flies were not recorded. These suggests that in addition to suitable host fruits there must be other environmental factors (temperature). Bactrocera zonata was also found during April to October. In April, cucurbits especially of summer squash which are grown in orchards, citrus and ber fruits were available. This gets correlated with occurrence of B. zonata and not with B. dorsalis. The peak incidence of B. zonata during July can be correlated with the occurrence of papaya, peach, guava and mango. Availability of guava, peach and mango could be correlated with the incidence of B. diversa in orchards.
To conclude it can be stated that fruit flies had a unimodal peak of abundance which starts from MarchApril and ends in November -December. Abiotic factors such as temperatures have a significant influence on their occurrence but it is not the sole criteria. Among the species studied, B. dorsalis is the one which is least influenced by weather parameters. The selections of affinis were reported to follow not a binomial distribution pattern but highly aggregated/clumped one (Satarkar et al., 2009) . In vegetable ecosystem, occurrence of B. dorsalis can be correlated with the presence of tomato and cucurbits and not with brinjal. Studies in orchard ecosystem reveals that B. dorsalis is not influenced by cucurbit crop. Thus occurrence of B. dorsalis is highly influenced by tomato. The present study revealed that some abiotic factors like temperature and host plants could be corelated with the occurrence of fruit flies. Fruit flies were not found more in orchard system than vegetable gardens except in September-October, which revealed that vegetables like tomatoes might also sustain these as much as fruit trees like mango do.
